In some millenial age, clinical scientists may devise a true prognostic test, or battery of tests. At the conclusion of our investigations, we may be able to advise a patient with a reasonable degree of confidence that he or she will live in good health for a specified period such as 13% years. But at present, we are still struggling to make a simple biomodal decision. Is a patient who shows no clinical manifestations of disease healthy, or (in the context of our conference) is there an increased risk of myocardial infarction and sudden death? Will the patient who has already sustained a non-fatal infarction follow a normal clinical course, or is there an increased risk of reinfarction and death?
The process can be illustrated with respect to one of the most commonly employed prognostic tests of the cardiologist -the appearance of a deep horizontal or downward sloping depression of the ST segment of the electrocardiogram during exercise. The prognostic ideal is illustrated in the upper panel of Fig. 1 . Even during maximum effort, normal individuals would develop a depression averaging only 0.5 mm, and the scatter in this response would be sufficiently small to avoid any overlap with that group of patients where the prognosis is poor. Unfortunately, the actual situation is all too commonly as represented in the lower panel. A proportion of subjects with a normal prognosis show substantial ST segmental depression, and a proportion of patients would be better to present results as a likelihood ratio, interpreting ECG changes relative to heart-rate specific curves. In fact, one probably needs age, sex and heart rate specific curves. However, it is unlikely this approach will prove acceptable to either the patient or the family physician. Both wish for a simple bimodal answer -is there, or is there not latent coronary disease that will affect prognosis adversely?
The epidemiologist may not be overly concerned by some misclassification of patients. If he wishes to specify the prevalence of abnormality in any given environment, the precision of his estimate can be up-graded by increasing the sample size. Other factors being equal, the accuracy of the estimate increases as the square root of the number of observations that are made. However, the clinician must advise the individual patient rather than the community, and he thus lacks the recourse of an increase in sample size. His main option is to adjust the prognostic criterion in such a way as to maximise both the sensitivity and the specificity of the test procedure.
SENSITIVITY
The sensitivity measures the completeness with which abnormal individuals are detected. The number of true positive tests is expressed as a percentage of the sum of true positive and false negative tests (Fig. 2) The choice of test sensitivity should be influenced by such factors as the cost of a false positive diagnosis, the seriousness of a false negative diagnosis, the intended frequency of screening and the prevalence of disease 221 within the community. A false positive electrocardiogram is bad news! If explained injudiciously to the patient, it can turn a healthy person into a cardiac cripple, with much anxiety and needless restriction of activity. It may also expose the patient to an unnecessary coronary angiogram -a costly procedure with a significant mortality. How dangerous is a false negative stress test? It may encourage a patient to undertake excessively strenuous physical activity, with an increased risk of ventricular fibrillation and sudden death. It may also weaken the impact of lifestyle advice such as the need to reduce body fat or stop smoking. However, a moderate frequency of false negative tests is acceptable, particularly if the prognostic screening is to be repeated. If a middle-aged adult has an annual check-up, abnormalities missed at the first test will likely be detected at a subsequent examination. The prevalence of cardiac disease in the general population is quite low; the frequency of abnormal ECGs rises from near zero at age 30 to about 20% at age 65. Thus, a fairly high test sensitivity is needed in order to yield a useful number of positive results when ECG screening is applied to the general population.
REFERENCE CRITERIA FOR EXERCISE TESTS
The assessment of prognostic value implies some absolute reference criterion against which a test can be judged. Unfortunately, there is no simple and unequivocal indicator of a normal cardiac prognosis. Many of the published statistics relate the sensitivity and specificity of the exercise electrocardiogram to obstruction of the coronary arteries as seen at angiography rather than to the clinical prognosis as revealed by prospective study. Coronary angiograms are themselves somewhat fallible. Intra-observer variation from one reading to another is 8 to 37% (Detre et al, 1975) , with an average reader to reader variability of 21% (Zir et al, 1975) . One must thus suspect that some "false positive" results are a reflection upon the angiogram rather than the ECG (Blackburn, 1977) . In a proportion of "false positive" diagnoses, the angiogram shows a minor degree of coronary obstruction (30-50%); this is not usually regarded as significant disease, but nevertheless it may be sufficient to cause ischaemia in some regions of the myocardium (Ellestad and Halliday, 1967 Ellestad and Halliday in 1967 from the intensity of exercise at which ST depression is provoked, the contour of the ST segment, persistence of ST depression into the recovery period, and concordance of exercise and recovery records (Blackburn, 1977) . However, even if a 12-lead ECG is recorded during exercise and recovery, with the test carried to 85% of maximum effort, the sensitivity relative to angiography is under 80%, while the specificity is around 90%.
Let us suppose that such a test is applied to a population of 1000 middle-aged adults, with a 5% prevalence of ischaemic heart disease. The results will be as illustrated in Table 11 . As 95 patients have a false positive test, and 10 a false negative, more than 10% of all patients are misclassified, and more than 70% of warnings of an adverse prognosis are incorrect. Surprisingly, this statement is quite compatible with reports that a positive stress test indicates a 2-15 fold worsening of prognosis as reported by Ascoop (1977) ; Cumming (1978) and Ellestad and Halliday (1977) . Indeed, in the example of (Froelicher et al, 1973) . It is particularly successful in identifying critical lesions, picking out as many as 92% of patients with main left stem disease (Dagenais and Irshad, 1978 (Table  IV) . With a 20% prevalence of disease, the baseline expectation of abnormality is 20%, so that the information yield of a positive response is 46.7%, while that of a negative response is 14.7%. One flaw in the direct application of Bayes theorem is that the sensitivity and specificity of the test are assumed to be independent of the severity of disease. However, in practice, the sensitivity of a stress ECG increases substantially if two or three vessels rather than a single vessel are affected by the disease process (Table  V) . (Table VI) . 
WOMEN
The statistics discussed thus far refer to men, and in women the proportion of false positive tests is much higher, for reasons discussed elsewhere (Shephard, 1978) . Cumming, 1978 reported the frequency of "positive" ECGs in women as 6% at 20-29 years, 19% at 30-39 years, 27% at 40-49 years, 42% at 50-59 years and 61% at 60-69 years. Since relatively few women develop ischaemic heart disease, we must presume that the majority of those with "significant" ST depression had false positive results. (Cumming 1978; Erikssen et al, 1981; Redwood and Epstein, 1972) . Given a typical history of angina, the clinical report has a 90-95% agreement with coronary angiography, compared with 70-75% for the exercise ECG. If the angina is atypical, neither history nor exercise ECG are correct in more than 60% of instances. The exercise ECG is particularly likely to be negative in patients with Prinzmetal's variant angina (Fernandez et al, 1973) . If the pain fails to meet clinical criteria for angina, the clinician achieves 90-95% agreement with angiography, while the stress test has an accuracy of about 80%. With a more randomly selected population, the clinical assessment has a sensitivity of 81-91%, but a specificity of only 76%. Relative to the exercise ECG, clinical evaluation shows an increase of sensitivity at the expense of some loss of specificity. This has the disadvantage of reducing the predictive value of a positive test result. (Bailey et al, 1977; Berger et al, 1979; Johnstone et al, 1980 Following myocardial infarction, the simple procedures available to the clinician are mostly of quite limited value in assessing prognosis (Table IX) . The one observation that has a fair prognostic value is exercise compliance. Subjects who are unwilling to comply with an exercise-centred post-coronary rehabilitation programme have a 23 fold increase in the risk of recurrent disease. IMPROVING EXERCISE TESTING -SERIAL TESTS AND DISCRIMINANT ANALYSIS One technique that has been suggested to improve the sensitivity and specificity of pulmonary function testing is to use the patient as his own control; observations should begin while the patient is in good health, with repetition at intervals of perhaps one year. Any sudden deterioration of function is then brought to light. Such an approach could have some merit in exercise testing (Bruce, 1970; Doyle and Kinch, 1970) , although dividends are likely to be smaller than in the pulmonary laboratory, because within subject variation is a major source of difficulty, and coronary narrowing often has a gradual rather than a sudden onset.
A further possible approach is to carry out a discriminant analysis, seeking by appropriate multivariate techniques an optimum combination of observations that will maximise the distinction between patients with normal and abnormal prognoses. We have already noted some suggestions that the sensitivity and specificity of exercise tests can be improved in this fashion. Simoons and Holgenholz in 1977 found only a small improvement from a single computer-assisted 80 msec post-J reading (90% sensitivity, 78% specificity) to multiple readings (optimum combination 20 and 80 msec post-J, 85% sensitivity, 91% specificity). Berman et al (1980) tested patients with chest pain; in this population, a criterion based on summed R waves and ST depression had a predictive power of 98.6%, compared with 89.1% for ST depression alone. Siegel (1978) found that a combination of anginal pain, atrial gallop and ST depression had a specificity of 99%. Blackburn recommended that the discriminant function should include any fall of heart rate or blood pressure, and the concordance of ST segmental appearances with symptoms.
Froelicher (1978) noted that serum cholesterol, resting blood pressure, serum triglycerides and maximum heart rate each helped in distinguishing true from false positive responses. Nevertheless, it still has to be established how far the ECG response (even with added variables) increases the prognostic yield relative to a consideration of age and such simple risk factors as cigarette smoking and obesity. In the "seven countries" study, the exercise ECG made a marginal additional contribution (P < 0.05) in only 1 of the 7 samples (Blackburn et al, 1970 (Fig. 4) . On the data we have (Ellestad) .
discussed above, their first suggestion (the detection of latent coronary arterial disease) must be rejected. Irrespective of the test outcome, the patient is likely to be told to take more exercise, to reduce body fat, to limit cholesterol intake, and to cease smoking. The exercise ECG also provides little rational basis for predicting future coronary events among groups such as symptomless airline pilots. It is highly debatable whether an exercise ECG helps materially in the differential diagnosis of chest pain. The use of a stress test to define a "safe" level of exercise where the patient is not exposed to deep ST segmental depression and multiple premature ventricular contractions is more widely accepted. Nevertheless, this indication can be questioned on two counts: (i) the criticisms of poor test reliability, false positive and false negative findings apply to exercise prescription as much as to diagnosis and prognosis, and (ii) even in patients with a true positive response, the intensity of effort inducing this change varies with incidental details of the exercise undertaken (for example, environmental temperature, muscle groups activated and the relative proportions of rhythmic and isometric work). It remains to be proven how far this last objection can be answered by relating exercise prescriptions to cardiac work-rate, as estimated from the pulse-pressure product (Ellestad and Halliday, 1977) .
There remains the mystique of the laboratory stress test, with its associated motivational effects upon the physician and the patient. This aspect of medicine has received little formal examination. Some doctors may find in an exercise ECG a psychological prop to a shaky clinical diagnosis. For some patients, laboratory exercise may provide motivation to a change of lifestyle. Whether an equal psychological effect could be achieved by the use of a simpler, cheaper and safer protocol such as the "Canadian Home Fitness Test" has yet to be evaluated.
Finally, it must be stressed that both the computeraveraging of records and the multivariate approach to prognosis is in its infancy. Further application of such procedures may yet give to exercise testing the predictive value that was anticipated by pioneers in this field.
